A long-term satellite-based analysis was performed to assess the impact of environmental factors on cyanobacterial harmful blooms (CyanoHABs) dynamics in a typical shallow lake, Lake Taihu. A sub-pixel approach (algae pixel-growing algorithm) was used with 13 years of MOderate-resolution Imaging Spectroradiometer (MODIS) data to evaluate changes in bloom extension, initiation date, duration, and occurrence frequency before and after a massive bloom event (2007). Results indicated that the conditions after this event changed, with a general delay in bloom initiation and a reduction in bloom duration. The environmental drivers of daily, monthly and inter-annual CyanoHABs dynamics were analyzed by detrended correspondence analysis, principal components analysis and redundancy analysis. This demonstrated that wind speed was the main driver for daily CyanoHABs dynamics, and COD mn , total phosphorus and water temperature were closely related to monthly CyanoHABs dynamics. For the year scale, T mean and nutrients were the main drivers of CyanoHABs initiation date and duration, and meteorological factors influenced CyanoHABs frequency for the whole lake. Regular monitoring of CyanoHABs by remote sensing has become a key element in the continued assessment of bloom conditions in Lake Taihu, and nutrient reduction policies contribute to decrease CyanoHABs occurrence.
INTRODUCTION
In many rapidly developing areas of Asia, the attention to maintaining the environment has lagged behind the attention to economic growth. From the lake eutrophication point of view, one of the most renowned examples of the impact of rapid economic development is the case of Lake Taihu Different variable atmospheric conditions are the first challenge to achieving long-term datasets of algal bloom distributions of inland turbid lakes from MODIS images. To overcome these optical challenges, floating algae index (FAI) was found to be relatively stable and can minimize atmospheric effects (Hu  
DATA AND METHODS

Bloom coverage determination
A total of 1,312 remote-sensing images over Lake Taihu were used to derive the spatial-temporal information on Mercator projection with an error of <0.5 pixel. The 500 m resolution data at 1,240 nm were resampled to 250 m resolution to match the resolution at 645 nm. The MODIS data were corrected by removing the molecular (Rayleigh) scattering effects and then converted to Rayleigh-corrected reflectance (R rc ) (Hu et al. b) . The FAI algorithm was calculated as follows:
with
where R rc is defined as the difference between the calibrated sensor radiance (after adjustment for ozone (L t *) and other gaseous absorption) and Rayleigh reflectance (R r ) (Hu et al. a) ,
where F 0 is the extraterrestrial solar irradiance at data acquisition time, θ 0 is the solar zenith angle.
The APA was applied to identify the CyanoHABs coverage of every pixel (Zhang et al. ) by using the FAI of the central pixel in a 3 × 3 pixel window as a linear composition of the maximum and minimum FAIs of the other eight pixels as follows.
Considering n high-resolution pixels (R rc Hi ) that make up a low-resolution pixel (R rc Lo ), where R rc Lo is the arithmetic mean of all R rc Hi ,
Similarly, there exists a relationship between the lowresolution pixel and high-resolution pixels (or sub-pixels within the low-resolution pixel) for FAI:
If we assume that, in a 3 × 3 pixel window, the central pixel is a function of the maximum and minimum FAI values present within the window, (4) becomes
where γ is the decomposition parameter of the 3 × 3 window that is determined based on the relationship between the known FAI values (center, max and min).
In a mixed pixel, the algae coverage is defined as the proportion (α) of the pixel covered by floating algae such
where FAI thresh algae and FAI thresh water are the FAI thresholds for pure algae (100%) and non-algae water (0%) pixels, respectively. Given that the thickness of floating algae is variable, we assumed that the FAI threshold for pure algae pixels is defined, which are covered by the thinnest floating algae.
Assuming that FAI algae thresh and FAI water thresh are constant in a 3 × 3 window, the FAI of the central pixel could be expressed as follows:
The FAI of max and min pixels in a 3 × 3 window could also be similarly expressed in the same way. Based on (5), (6) and (7), FAI has a linear relationship with the floating algae coverage α in the mixed pixel:
where α max and α min are the algae coverage of pixels with maximum and minimum FAI values, respectively, in a 3 × 3 window.
There are three iterative steps in applying the APA to MODIS R rc data, including calculation of γ for the central pixel, identification of 'seed' pixels and decision of the algae coverage using Equation (8). Through iterations, the algal bloom coverage expands from the initial pure algae pixels or high-coverage pixels to low-coverage pixels, according to the relationship between adjacent pixels in a 3 × 3 pixel window. In the end, α MODIS pixel is the basic value of algal bloom coverage for subsequent analysis. If
is not zero, the algal bloom area of the pixel is
For the whole lake, the algal bloom area was calculated by 0:25 × 0:25
MODIS .
Temporal-spatial characteristics of CyanoHABs
In this study, three bloom aspects were identified, namely, the annual initiation date, duration, and the spatial distribution of bloom frequency.
Previous studies indicated that February is the end of the
CyanoHABs cycle (Hu et al. c) . For each pixel, CyanoHABs initiation was defined as the first moment of nonzero CyanoHABs coverage after February. Similarly, bloom duration was defined as the number of days from the initiation date to the last day when CyanoHABs became zero. For the whole lake, the significant CyanoHABs initiation date and last date were defined as the first and last moments when >25% of the pixels in the lake area showed a non-zero CyanoHABs coverage. The bloom duration of the whole lake was defined from the initiation date to the last date of the whole lake. Initiation dates were transformed into Julian date format.
For each pixel, the bloom frequency was calculated as:
where F i,j is the bloom frequency of i pixel over j days, C i,j is the count of bloom occurrence, and TC j is the total count of MODIS images.
Meteorological and catchment data
Measurement sites (31) across the whole lake were monitored once a month over the study period ( Figure 2 ). In our study we regard 200 and 50 km 2 as the criteria for severe, moderate, and slight CyanoHABs conditions. In the past, the total number of days with severe algal bloom conditions was used for inter-annual comparison (Figure 4 ). The total number of days of severe CyanoHABs declined after were first observed in the south of the lake with a duration of >200 d (Figures 7 and 8 ).
Environmental drivers of daily CyanoHABs dynamics in Lake Taihu
From the results above-mentioned, an apparent CyanoHABs significant correlation existed between the wind direction and algal bloom coverage.
Environmental drivers of monthly CyanoHABs dynamics in Lake Taihu
Because of the effect of wind on the formation of the surface mats, the monthly bloom coverage may be better represented by the monthly maxima than by the monthly mean (Hu et al. Hence, Hu's study (Hu et al. c) hypothesized that some nutrient threshold levels, below which significant blooms rarely occur, may exist. However, high nutrients were not accompanied by increased significant bloom events, while nutrient concentrations were related to initiation date and duration of CyanoHABs in the whole lake. 
TWO-SIDE EFFECTS OF HUMAN ACTIVITIES
From this analysis, nutrients appeared to be the key drivers 
